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INTRODUCTION. 


The improvement of many of our important agricultural crops has 
been brought about by means of plant selection and breeding, and 
similar methods are being extended to various other fields of plant 
production in the hope of achieving similar results. 

With a few exceptions, the growing of medicinal plants is still in 
its early stages, and it is a much-debated question whether these 
plants when cultivated lose any of their therapeutic properties; but 
with the constantly diminishing supply of many of our important 
native drug plants cultivation becomes more and more imperative. 
Also, the quality of some of the drugs on the market has deteriorated 
to such an extent that improvement is much to be desired, and it is 
hoped that this may be accomplished through the methods employed 
by the plant breeder. 

Atropa belladonna is an important mydriatic drug, the supply of 
which has been of such inferior quality in recent years that the 
Office of Drug-Plant and Poisonous-Plant Investigations has been 
conducting experiments for some time with special reference to in- 
creasing the alkaloidal content of the plant. The first step was to 
make a general study of the plant with regard to individual variation 
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of the alkaloidal content; then to study the relation of physical and 


chemical characteristics—the influence of environmental factors, such 
as climate and soil—and the fluctuations in the alkaloidal content 
during the growing season. The results of these investigations have 
already been reported.! 


SELECTION OF TYPICAL PLANTS. 


A number of plants were selected which from the data obtained 
in the preliminary investigation showed typical alkaloid-producing 
tendencies. Although only those plants which produce a high per- 
centage of alkaloids are of commercial value, plants of the opposite 
type, namely, those which produce only small quantities, were also 
selected, in order to furnish more comprehensive data on the trans- 
missibility of alkaloid-producing characteristics. An enumeration of 
the individual plants which were selected from the original lot, show- 
ing the alkaloidal content of their leaves at the various stages of 
growth during two seasons, is given in Table 1. 


TaBLE I.—Alkaloids in the leaves of selected belladonna plants during two seasons, at 
Arlington, Va. 


Alkaloidal content (per cent). 


Yield of > 
alkaloids . Stage of growth, 1911. Stage of growth, 1912. 
Plant No. on which 
sleet | 3 , 
was based. = a 24, = i a nA 
- ~~ 3 . — s SS 
#12 Seotaegele | 21218 | 2] Sa 
= 3 — ° = > a 3 a 5 = > 
i op) & ics i <j is mM I FY = < 
= 2 ES i? Rae Te How s2.- 2. 053357} =e 0.526 |0.532 10.200 |0. 414 j...... 0. 292 lo. 3204 SAME ae 0. 406 
3 eS SSS os SE Me gdo<3- = SSeS Zonl eakiel Sosa 450 407 eee .393 | .448 |0.448 |....--. - 426 
75) CS aS Sepia do sees | Ares .348 | .354 | .487 | .425 | .403 |0. 496 Sof Loe th = - 401 
CV ape ee cea eeee [Eee do- = 2 337 285 | .308 588 | .431 | .3 418 334 | .480 483 (0.314 . 406 
1 B45 eae Medium 614 627 | .626 763 | .563 | .639 495 479 | .655 | 7 . 488 .518 
1103 AAs ein Sears aphess = 64 782 693 497 | .584 | .641 767 631 | .685 | .715 | .394 . 638 
7 Ee ee ee Gln 58 | .831 | .832 | .727 | .571 | .704 | .782 | .666 | .646 | .694 | .573 | .672 
Ds fe 2 a eS Se oC) Bee es 596 879 925 711 | .722 | .766 847 747 | .882 | .804 | .558 . 768 


METHOD OF CONTROLLING POLLINATION. 


The flowers of Atropa belladonna are normally cross-pollinated and 
depend principally on insects, such as moths, beetles, and bumble- 
bees, for the transportation of pollen. When insects are excluded 
the flowers fail to develop and soon drop off, which indicates that 
natural self-pollination occurs rarely, if at all. 

In 1911 a large number of flower buds were inclosed in manila bags 
in the hope that close pollination would take place, but none of the 
flowers set seed. However, seeds resulting from the cross-pollination 


of the individual plants enumerated in Table I were collected and — 


planted in flats in the greenhouse at Arlington, Va., in the following 


1 Sievers, A. F. Individual variation in the alkaloidal content of belladonna plants. Journal of Agri 
cultural Research, v. 1, no. 2, p. 129-146, 1913. 
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| January. Late in April, when the plants from these seeds were about 
| 8 or 4 inches high, they were transplanted to the field. 

| In 1912 a second attempt was made to secure seeds from close- 
| pollinated flowers, and in order to insure fertilization the pollen was 
| transferred to the stigmas by hand before the flowers were inclosed. 
| The method of bagging the flower buds used in the previous year 
again proved ineffectual, since a species of aphis bred in the bags in 
| great numbers and destroyed the young plant tissues. Seeds were 
| obtained from a number of selected plants which had been inclosed in 
| cheesecloth cages, but even within those cages the aphides often 
| multiplied to such an extent as to injure the plant. The seeds from 
_ these plants were sown in flats in the greenhouse and the seedlings 
| therefrom transplanted to the field, the same as in 1911. 


FIRST-GENERATION PLANTS FROM CROSS-POLLINATED PARENTS. | 


The plants from the seed of the cross-pollinated selected individuals 
| in 1911 were transplanted to the field late in April. There were from 
| 6 to 15 individual plants from each parent. These plants made a 
fairly rapid growth and by midsummer were in full bloom, but the 
| growth they had made was not sufficient to make possible a picking 
from each individual plant. A collective sample was therefore se- 
cured from each set of individuals derived from the same parent. On 
| August 30, when the berries were partially ripe, the second picking 
_was made. In picking these samples care was taken to get leaves 
| from all the individuals, so that the results of the assay would indicate 
| as nearly as possible the average percentage of alkaloids in the leaves 
| of the individuals. Table II shows the results of the assays. 


| TasiEe II.—Alkaloids in the leaves of first-generation belladonna plants grown from cross- 
pollinated selected parents at Arlington, Va. 


Parent plant. Alkaloidal content (per cent). Parent plant. Alkaloidal content (per cent). 
Yield p Yield : 
= First Second First Second 
No. a oe picking. | picking. | AVet@se- No. rode: picking. | picking. | “Vt@8e- 
= Low...- 0. 524 0. 693 OF6097|*12ee oe. High.... 0. 650 0. 882 0. 766 
|) 3356S pce eres d 79 .518 AOR |e Wireteres 313) sae doze -617 1. 063 840 


| OF .4 A 
ae Medium . 640 . 859 S750) || Gweescene lees do.... . 805 1, 282 1. 043 


From Table II it is evident that these first-generation plants dis- 
_ played largely the characteristic of the parent plants as regards alka- 
‘loid production. Plants 7w and 6w merit special attention, their 
| leaves containing more than 1 per cent of alkaloids. 

The following season, 1913, these plants were large enough to fur- 
‘nish samples from each individual, and pickings were made at four 
| stages of growth during the season. The first picking was on May 6, 
before flowering; the second on May 23, when the plants were in full 
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bloom; the third on June 21, when the first berries were developing; 
and the fourth on September 8, when most of the berries were ripe 
and much new growth had appeared in the form of shoots and suckers. 
The season was a very unfavorable one, and the plants made a rather 
small growth, so that during July and August the leaves were too | 
small and sparse to secure samples. For the purpose of comparison, 
Table IIT gives the alkaloidal content of the various samples and the 
average for the season, the average alkaloidal content of each picking 
being summarized at the close. 


Taste III.—Alkaloids in the leaves of individual first-generation belladonna plants at 
various stages of growth at Arlington, Va., during the second season, 1913. 


Alkaloidal content (per cent). Alkaloidal content (per cent). 
| 
Plant Plant | 
No. First |Second| Third | Fourth) Aver- No. First |Second| Third | Fourth) Aver- 
stage, | stage, | stage, | stage, | age for stage, | stage, | stage, | stage, | age for 
May 5. | May 23.|June 21.| Sept. 8. season. May 5. | May 23.|June 21.| Sept. 8. | season. 
YF [ie eres 023167) 05324 5/822 22 e- 0.320 125 | 0.809} 0.601 | 0.625 | 0.716 0. 688 
342 | 0.516 -473 .312 | 0.856 539 12, . 750 . 608 . 582 574 - 929 
343 GOSs| Se ee eae -352 . 863 . 604 12s - 587 . 434 . 569 . 653 - 561 
344 . 754 - 434 7280 \exeeaee - 492 A 2oiiee: Be eels = 25 Beye . 389 549 - 469 
345 . 622 . 542 356 . 683 s00L ; : 
EWis| serge eS ye oe. . 626 130 - 681 
31 538 . 366 . 430 . 523 - 466 7We . 835 . 530 . 507 - 759 - 663 
32 565 565 630) |552. 22 587 7W3 620 563 431 782 599 
33 511 552 364 790 554 7W4 792 777 588 804 - 740 
34 693 607 350 833 621 WWo"|s43452=3 521 699 998 739 
5 513 477 533 767 573 7We 674 721 567 663 656 
36 ASS Ae 3925) eae 415 7W7 369 765 £60 195 Se 631 
37 412 415 BOS aes 444 (MSA Soe 201 le seceeee 645 468 
Ba [reese SOO 25. =. Ae5|": ee 300 7We - 714 389 544 | 5. oe 412 
Rn esee ce 479 702 782 654 7Wio . 634 496 - 489 764 596 
Cait | Peoeos- 404 - 626 773 601 
133). |Soseetce 255 459 934 549 
Wo {2i24_ 42: -365 s59GfIS. See 481 6wi . 541 543 501 666 561 
IOs ifsesetecnl| sclse sess Be GS a ters see 453 OWanaaeeeee 693 8813] Seer 787 
134 492 359 -318 649 455 6w3 - 850 . 641 787 885 791 
ABE S| Soeevaeee 466 - 559 563 529 6w4 . 866 .516 529 856 692 
IBS | hese aoce Seperate - 470 733 | 601 6Ws . 806 . 640 768 829 761 
1376 |OL see 341 552 766 553 6We . 780 . 135 663 733 728 
19, |bescagase 349 . 664 792 601 6W7 739 -917 | 1.318 956 981 
139 566 452 385 815 555 6ws 780 . 921 937 | 1.020 915 
6Wo 833 - 921 901 919 
12) 854 653 737 494 688 6Wio 908 925 927 876 909 
125 480 516 661 717 594 6wu 956 973 993 924 962 
123 760 672 675 638 686 6Wie . 681 574 670 922 712 
124 605 572 G26i|eeeree ee 619 6Wi3 | 1.143 639 852 754 847 
12; D588. | Be as 675 908 543 


SUMMARY OF ALL INDIVIDUAL PLANTS FROM EACH PARENT. 


Parent plant. Average alkaloidal content of leaves (per cent). 
Stage of growth. 
No Nield off |= 37 [so St pa 24 tho Avera 
alkaloids. | irst | Second | Third | Fourth | season. 


stage. stage. stage. stage. 


————q«~ | oqe_i— ($e qq] e_ m/e 


ae OD SOO E DODO Renee Aaais 5 25> cea Re Lowes. 32 0.625 0. 441 0.326 0. 800 0. 501 
Buc Ss eee dee Sune eae oe Aone oon sss Be dOz--s2se 524 - 470 . 488 739 512 
IGE £29 EOS See iiee ae, es: atte see spe Medium... . 529 - 369 495 . 765 - 531 
LO ease SSS SESS ae iets Sees ee Png he seees . 679 -573 -617 - 662 597 
UPN a ae FS SSE PEE Ewe ee eee ek 2 ee epee, es M0ee 4-12 662 547 583 769 617 
DN noone sates Ss See Se SES ote oS ERE SESS EY GQ... 5. 824 740 824 862 811 


i | fe | 
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A careful study of Table III reveals the fact that the individual 
first-generation plants possess in large measure the same alkaloid- 
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| Fic. 1.—Diagram showing the alkaloidal content of the leaves of first-generation belladonna plants from 
| cross-pollinated parents at two stages of growth during the first season, 1912. The percentages indicated 
represent the average of all the individuals from each parent plant. ; 
producing characteristic as the parent plant. Plant 6w, the richest 
of the original 59 individual plants under observation for two years, 
yielded from cross-pollination first-generation 
plants which were distinctly rich in the first 
| season and again in the second season. Fur- 
' thermore, the plants of the first generation 
from the cross-pollinated individuals selected 
_ from the original list for low alkaloidal content 
have shown a decidedly low percentage of 
alkaloids during each of the two seasons of 
‘growth. Figures 1 to 4 show graphically the 
average percentage of alkaloids in the leaves : 

of all the first-generation plants from each (ee ee ast conteat of 
parent at each of the pickings in 1912 and __ allthe individual belladonna 
1913. Besides showing at a glance what has feos net your 1012. 
already been said regarding the plants which 

are rich or poor in alkaloids, figure 1 also shows an interesting con- 
dition with regard to the relative richness of the plants at the 


PERCENTAGE OF ALAALOIOS 


BS AVERAGE. one 


ENTAGE OF ALHALOIOS 


FERC! 


Fic. 3.—Diagram showing the alkaloidal content of the leaves of first-generation belladonna plants from 
cross-pollinated selected parents at four stages of growth during the first season. The percentages 
indicated represent the average of all the individuals from each parent plant. 

| various stages of growth. In the previous investigation! the plants 
| were richest in alkaloids at the first and fourth stages; that is, 


1Sievers, A. F. Op. cit. 
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the stage before flowering and the stages when the berries are 
ripe. In another season, however, the same plants were found to 
be richer in alkaloids at the second and fourth stages. In the 
present investigation we find the greatest percentage of alkaloids 
at a stage of growth which corresponds to the fourth stage in the 


3220 previous investigation. It seems, then, fur- 
See ther established that the greatest concentra- 
y .70 ° . ° . 

S 60 tion of alkaloids is at the period when the 
5 04 berries are mostly ripe and the leaves small 
8 al and sparse. 

RK 

= .20 

S 108 COMPARISON OF FIRST-GENERATION PLANTS 
to FROM CROSS-POLLINATED AND CLOSE-POL= 


LINATED PARENTS. 


Fig. 4.—Diagram showing the 


average alkaloidal content of Krom the parent plants, 6w and 7w, which 
all the individual belladonna = : - - 
plants from each parent for yielded the progeny described in the foregoing 


the season, second year, 1913. pages, seeds were obtained in 1912 through 


both cross and close pollination and planted for purposes of compari-— 


son. Plants 12, 13, 3, and 34 were dead; therefore no seeds could be 
secured from them. In their stead, seeds were taken from plants 46 
and 23, as these were examples of low alkaloid-yielding plants. The 
seeds were sown in the greenhouse and the seedlings transplanted to 
the field early in May, 1913. Owing to the hot weather and severe 
drought the plants made only a fair growth, and only two pickings 
were secured, the first on August 19, when the plants were in the 
flowering stage, and the second on September 23, when the berries 


were in various stages of ripeness. Table IV shows the percentage | 


of alkaloids in the leaves of the individuals from each selected parent. 


Tasie 1V.—Alkaloids in the leaves of first-generation belladonna plants from close polli- 
nation and cross-pollination of selected parents at two stages of growth at Arlington, 
Va., during the first season, 1913. 


Alkaloidal content (per cent). | Alkaloidal content (per cent). 
| 
Lot and number. Hirst Seoul | Lot and number. | First Sacodd 
stage, stage, | Average. | stage, stage, | Average. 
Aug. 19. | Sept. 23. | Aug. 19. | Sept. 23. 
Lot 6w, close polli- | Lot 6w, close polli- | 
nated: nated—Contd. 
Pee Hee q . <8 0.514 0. 430 0.472 10S 23-02 SS 0. 745 | 0. 658 0. 702 
2 Se 687 594 640 iT ea ee S| ee ee ee 
ee ee eo 421 504 . 463 1 ee ee . 741 705 723 
Ae Sey SEE as 834 886 . 860 1S Se. ee . 687 613 
Se. ae 773 736 755 1 Eh ena RR 2 ge . 767 750 759 
Cee eae oe 731 724 728 1D ee ee oe . 658 760 719 
[Reg ee A 689 745 717 1G teve Estates . 703 722 713 
ee ae 735 633 684 Migr: Ao | ee 786 741 764 
Naas She eae 696 669 683 || 1S 45 o25 ese 865 515 690 
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TasBLE 1V.—Alkaloids in the leaves of first-generation belladonna plants from close polli- 
nation and cross-pollination of selected parents at two stages of growth at Arlington, 
Va., during the first season, 1913—Continued. 


Alkaloidal content (per cent). 


Lot and number. 


First 
stage, 
Aug. 19. 
Lot 6w, close polli- 
nated—Contd. 
UO Ss see Seek oe 0.557 
20). jaedondouaes sl Sac obaaeen 
Piles Oe Read ise . 753 
Dh ee eres RRR ae 831 
BS EI eee oe 433 
DS eer aoe pee added 
5 rd a ea ai eee rs . 826 
ORY A ie ote are, srs . 843 
Be ay a . 807 
Dad ein a2 ree . 742 
AOE agers Ee 2 ees ee ae 
SO eeR Nees Che . 794 
SS Paes RRR oe eee aa 
OY er ae . 690 
SO eee eee . 679 
AN ise ROU a has & . 640 
Se a bo oe . 759 
30 Oe ea dunes Pace Rane 
Tie ae ae . 674 
Average..-.:- . 672 
Lot 6w, cross-polli- 
nated: 
Neh Beatie sesh! a)8 seis yar5 - 
Dis Are OSS . 609 
Sears mee en clas wiarcrsre Nes 
it arene eae RO RCS 
Bis AA Re . 705 
Gfeeeeteeee: . 665 
Hee ee oe a . 057 
Shes Gi eee Benes . 598 
OV ey es Se . 504 
Oss aes seeoeeen . 688 
Tse ae ates . 759 
1194 Sea RR SN a . O74 
T1G%,, ae SC Leas . 594 
1d) os ese dees . 693 
U2 oS ERR ee . 391 
1G Rash eeeseeue . 646 
1 cs Ga8 See .478 
Seer ee es he as - 486 
Qs SRes Sees - 450 
PAD es SSB eS . 621 
Denes Siscc Saker 5085) 
OB as Bese aa oOn Baker ae ae 
Average...--- - 586 
Lot 7w, close polli- 
nated: 
eggs Sees me 5 (ale 
Rm Maye ts 2 . 645 
Shee Wee he 2 . 632 
iho eee Sasso Sapo See eee 
Spa Eee . 526 
Ons Beate . 654 
et Ses . 442 
Os ese eae .o91 
Oc oS eAG Se DEES SAGE Seacrest 
NO p33 oaeeee ae . 409 
Ul eS eae 427 
a eee Seer .510 
11S}, 2053 ees eae . 685 
1 ae eee . 650 
ID) pest Boose . 340 
IGS eee . 626 
il]: SSR ee . 492 


Second 


stage, 
Sept. 23. 


Average. 


Lot and number. 


Lot 7w, close polli- 
nated—Contd. 
Ife ae a eset) 


Average...... 


Lot 7w, cross-polli- 
nated: 


Average...... 


Lot 23, cross-polli- 
nated: 


Average...... 


Lot 46, cross-polli- 
nated: 


Alkaloidal content (per cent). 


First Second 
stage, stage, | Average. 
Aug. 19. | Sept. 23. 

0. 696 0.715 0. 706 
478 . 669 O74 
eO2TNE SERS Sees SA es 
- 829 - 894 - 862 
574 ~O15 545 
vaws . 940 829 
813 856 835 
730 641 . 686 
595 S632 [beeen 
. 526 SUT . 649 
- 448 - 468 - 458 
- 681 - 586 . 634 

Bo paae ls OOOH! = seeuige 
Bole, . 678 595 
813 - 885 . 849 
- 430 621 . 526 
. 658 . 669 . 664 
. 676 - 468 572 
. 646 . 646 . 646 
741 . 631 . 686 

sana ee sloOn| Setecytsprisicis 
598 - 635 .617 

Seis Fee VOZT ee. Nth ee 
. 646 . 799 . 123 
. 675 526 . 601 
. 729 . 633 . 681 
. 669 . 609 . 639 
. 681 pol . 596 

5 Se es OOS levers ccs ees 
O04: hin re ope | se eee 
£609) ear Ce eel eis 
OOOH Shs sete sos | Cesc cmemise 
.618 HDS eee ss de oe 
C00 Ds a ra eS Sree 
OOO teens 2, Sal creamer area 
5 AQGu eect oe eas eee 
E505 fet Sia ee SS cl 
LBB DE |p sve ls ye [os apa me me 
Se. SY: Seal eae oc cae 
MOOR) (toc oonasn | See eee ee 
S455 ele te ei |e eee eee 
SSO) |e See ee IO cine 
SAO 8's |e Saxe mere onl |eeiere eats 
. 383 - 406 395 
. 369 382 . 376 
451 - 480 - 466 
RIS AY tare see fee [Pees ae ae 
SOS ifs eesrarere soe | severe eae 
- 480 . TAL -611 
. 400 . 366 383 
332 316 324 
407 pAA ST eee a 
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TasBLeE 1V.—Alkaloids in the leaves of first-generation belladonna plants from close polli- 
nation and cross-pollination of selected parents at two stages of growth at Arlington, 
Va., during the first season, 1913—-Continued. ; 


SUMMARY OF AVERAGES FOR THE VARIOUS LOTS. 


| 


Average alkaloidal content 


Alkaloidal (esse 
Lot. yield of 
parent : 
First | Second 
stage. | stage. Season 
LiptGw, closepullinutedes: 2 22... Anat es Se -‘High....-- 0.672) 0.701 0. 686 
Doi6w, cross-pollinatedt) 2p e. Pe OF eae ---d0...--- - 586 . 602 . 594 
Tot iw,Cclose.pplinatedee ee en ep eae ee ---d0.------ - 595 . 632 -614 
Dotezw, Cross-pollanated se eee Se os enpe rapt esas eee o~-|- =F do..---- 618 611 615 
Tipi'23, cross-pollimated es eee oe ee ee se eee | Low. ---- ADB oh see . 408 


Lot 46, cross-pollinated.....--- oe ee eS aes 3 SA be) SS eae dox..=2 . 407 | . 448 . 428 


The following year, 1914, these plants were again analyzed. The 
first picking was made on August 1, when the berries were be- 


ginning to ripen. This is the stage at which, as shown by other 


- 


experiments, the greatest percentage of alkaloids is present. The’ 


second picking was made on September 5, when the berries had all 
ripened. Table V shows the percentage of alkaloids in each case, 
the averages being summarized at the close. - 


TaBLeE V.—Alkaloids in the leaves of first-generation belladonna plants from close polli- 
nation and cross-pollination of selected parents at two stages of growth at Arlington, 
Va., during the second season, 1914. 


Alkaloidal content (per cent). ~ Alkaloidal content (per cent). 
Lot and number. First Showa Lot and number. First Sora 
stage, stage, | Average. stage, stage, | Average. 
Aug. 1. | Sept. 5. Aug. 1. | Sept. 5. 
Lot 6w, close polli- Lot 6w, close polli- 
nated: || mnated—Contd. 

Le Es oe a) A eee | 1. 030 0. 783 0. 906 
7 Hite eis Man A Bien d eceraeneete - 902 - 792 - 847 
So scene ceteeee 5 SR oe ie ee 1.030 "| Bios ee cee 
AS ee GE eee hee Sse 1.096 - 908 1.002 
Biers ceteereee i Shirts) meee ; 1.043 | . 765 . 904 
Eat si et tee SOPs Stee see eee | 860 657 - 908 
fe Slacssct SALtL Se 744 | 454 -549 

Sas rs 
w= Ayaan - 906 | (isis ee A 

10. bts SSS SS C SSS EE 

bee || Lot 6w, cross-polli- 

12:: | nated: 

13% Locccck Bee co Se | W158 le. cee 
ry eee eS EA 1. 169 | 687 | 923 
eee 3. soo See eee 969 717 | 843 
16-- RS i cheery se) 5 iste | a ane \ow ec chee 
ives hike pao aot 1.074 . 756 | -915 
kaye 614.5% 2 SE oe - 990 -075 - 782 
19_. Bee - 987 - 530 . 758 
20. . - ee nee eta bape fete eS fey. 
21.. Orta eeeeee - 790 - 069 - 677 
22. - 10:22 J. poe es . 804 - 663 | - 733 
73 eae Ye aoe 1. 062 - 647 854 
24... AD ee Hee = oe 771 . 712 741 
Pee 13: EE: Bea 943 - 626 | 784 
ee 14. 2 oe ee 903 572 737 
27. 15. of 810 -657 733 
Ree 1G: feos | Oe eeaeee Peesoe- see Massssse- 
29. . Ls: ee -929) lnc 2-3 cee 
5 eS ee eee 18: 2 3oe3 Ss 728 .621 674 


wy 
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Taste V.—Alkaloids in the leaves of first-generation belladonna plants from close polli- 
nation and cross-pollination of selected parents at two stages of growth at Arlington, 
Va., during the second season, 1914—Continued. 


Alkaloidal content (per cent). 


Alkaloidal content (per cent). 


Lot and number. First ecnnd Lot and number. First 
stage, stage, | Average. stage, 
Aug. 1. | Sept. 5. Aug. 1. 
Lot 6w, cross-polli- Lot 7w, cross-polli- 
nated—Contd. nated—Contd. 
: 1 cea eae ae eas 0. 997 0. 520 0. 758 CS A ee 0. 816 
: Th BES CSE are [tah oo are FO09o Meee ata (0) 2 apnea age ar 1.062 
7 SS sede 1.124 . 644 . 884 1 (ieee ge ee . 690 
2. Gee RS 1.138 . 608 . 873 ARLE) sso Rr Oe . 868 
POMS oo AL a . 8388 
Average.....- . 952 HOSS iene eee 11S} aaa Me oie 1.062 
AL Aare stesante aes seh - 990 
Lot 7w, close polli- DOR elor cs one . 758 
nated: LGR ee aeRO aa . 885 
1h Spee alee eg - 948 de . 859 D/P ARS A eNO . 704 
7). ek EEE IEG - 626 . 672 . 649 OS or ae WRU Be . 983 
2s Seda seOBe Bees - 898 . 693 . 795 1D ay et - 739 
(6b ac aCe pat ae Shops) (oA ae AR NTH hall sine erate PLU aia Se salt allies . 758 
3.5 Sa See . 704 1.098 - 906 YA Ries EGS em eo 1.015 
ORE ge Sos - 953 wll . 865 D2 ei ABET LB . 784 
ee re od Bae . 624 . 594 . 609 Pi PER RA ate . 872 
Siete ehice cated . 851 . 834 . 842 Dae re NTE Hed . 877 
Osco beens aes . 756 . 926 . 841 DOES a suas te. ie 1.036 
TD el ee ee 927 . 822 . 874 ASE Nea ee Rie lh HS 1.036 
TTD Spe Pa RR Sto does Bees Dee ae - 631 
UD se eae apa 950 . 657 . 803 
TBs Scape aie 744 . 762 DS Average.....- . 865 
gies pia SAN 1.193 . 837 1.015 
1h eae See Peer 997 599 . 798 || Lot 3: 
Gee rene ne re? 882 . 809 . 845 [ea Wares tara rats . 452 
Werte Eee ia) Aad 997 - 632 . 814 Dis ayen 0 A oie ie ed - 452 
TS eeepc neat 694 . 707 . 650 Qe eee ers . 306 
1X0 ye 27D Sea aera CO C725) Fe etme esa (ON Se Abe RIE iy ee - 425 
2c SES BGO EE OO Rec I ieee ea cle 
Pail = CAS cee TROLOM eee ee Mas Bk sir Average...... - 409 
2D) 3S seer eR SER See IE ae Re ta 
FB} 5 ce Cesena a 810 . 687 . 748 || Lot 23 
THE NEA ampere be 790 . 651 . 665 1 akroies as oe EUS Ue pe A 
FAO AS Lata De ARON | aaa eae 
Average.....- . 855 Aaa: is Atte atte pala il al eee ae 
A os ie pa LE NOL 
Lot 7w, cross-polli- teu nat pede Nee Ik. sal Nate 
nated: GSR ok ays 2) | Sa ees 
1 o ostcaeBenaaeE . 992 . 672 832 Se Foe alerts | Gees eee 
2 SESE Ee TOGA Bese oe EAR cine rE Sere Die | IER Sts 
ee estes moe . 864 - 596 . 730 OER MO Ue UC): HORM eee 
Glo iy Ae eee . 810 . 523 - 666 TQS a) Sets pyce) 2 | Sea anita a 
15s be iat eee 911 .553 toe 
D528 ee One Ee 1. 036 - 696 . 866 IANOLALO a2 | Says aceon 
Is acaqst eee - 568 - 463 -515 
SUMMARY OF AVERAGES FOR THE VARIOUS LOTS. 
Alkaloidal 
Lot. yield of 
parent First 
stage. 
Sueanmerclase pollinated: : 8822 284) 2 lssl lie ee High...... 0. 906 
Mra CLOSS-Pollinated.. 2c) oaks ose k ocd dances ino (oie A . 952 
Suuemacioso pollinated: ot abo. ble eco dows ees . 855 
EMENEECLOSS-DOllinatedes. yee ee ae Comes . 865 
Precoss-pollinated. | 2222 ce oie. Lowa . 409 
MUPSMMCERSS “DOT ALCG. Ja) soo fee os ol ee ccccaccceeslees CG Kamael eae San 
5931°—Bull. 306—15——2 


Second 
stage, | Average. 
Sept. 5. 
0.596 0.579 
.574 . 818 
672 . 881 
. 425 -Ogl 
. 641 . 763 
Aap) - 619 
ELEN SG - 983 
. 394 . 566 
. 897 . 827 
. 732 - 873 
- 813 . 798 
. 620 . 746 
- 798 . 838 
. 823 . 929 
. 823 . 929 
. 345 . 488 
SOLO Fae ee ers: 
HOLOM oan eee cee 
H5 2842 eee 
OO eee ras 
OOO WIE Saas 
ACV /Sial dase Sees 
AR VCO ee OEE 
47 2)|e chien 
Paty) 7} peek nea 
NOSE See ie 
ei 4A Sit [ference 
Gye) Wal penne ees ie 
OOD | =. 
(Geto ee Aras ke 
0948) eer le 
A OTe ately 
BCL fill has eae 


Average alkaloidal content 
(per cent). 


Second 
stage. Season. 
0.765 | 0.83 

1634 | .793f°: 814 
1753 | 804 
"619 | 1740p ° 78 
1473 | 1441 
1497 | .497 


10 BULLETIN 306, U. S. DEPARTMENT OF AGRICULTURE. 


From Tables IV and V it becomes apparent that during both the | 
first and second seasons these first-generation plants dispiay very 
markedly the characteristic of the parents as regards alkaloid pro- | 
duction. Thus, in 1913 the average percentage of alkaloids found — 
in the plants han the original parent 6w and the parent 7w, which | 
were selected for high alkaloid-producing tendencies, was 0.640 and | 


60 
.70 
.60 
50 
.FO Be 
30 fea 


PERCENTAGE OF ALAALOIOS 


Fic. 5.—Diagram showing the alkaloidal content of the leaves of first-generation belladonna plants from 7 
close-pollinated and cross-pollinated selected parents at two stages of growth during the first season, | 
1913. The percentages indicated es the average of all the individuals from each parent plant; | 
a, Plants from close-pollinated parents; 5, plants from cross-pollinated parents. | 


0.615 per cent, respectively. On ae other hand, the averages from a 
the plants 23 and 46, which were produced fae parents of the. | 
opposite tendencies, are 0.408 and 0.428 per cent, respectively. Agaim — 
the following year we find the average of plants 6w and 7w to be 
0.814 and 0.773 per cent, respectively. Lot 46 was not picked that 
year, but lot 23 ered 0.497 per cent. 
It will be seen from the tables that the effect of close pollination 
as compared with cross-pollination is not as great as would be expected. — 
In the case of 6w the plants from close pollina= 
tion are on the average 0.091 per cent richer | 
than those from cross-pollination in 1913, and 
0.042 per cent richer in 1914. The 7w plants’ 
show a difference of 0.001 per cent in favor of 
cross-pollination in 1913 and a difference of 
ane = 0.062 per cent in 1914. Figures 5 to 8 graphi- 
256) $6) 7W6) Wie) EW) OMe ) = ee F 
Fic. 6.—Diagram showingthe Cally illustrate these conditions. Sufficient 
averagealkaloidalcontentof information has not been obtained to indicate 
all the individual belladon- : : 5 
na plants from each parent With any degree of certainty the influence of 
for the first season, 1913: eross-pollination and close pollination on the 
eeeeme hs Bi ed tramsmissibility of the alkaloid-producing char- 
ee ee acteristic. As a possible explanation of the 
| large percentage of plants with high alkaloidal 
content among the first-generation plants secured from cross-polli- 
nated selected parents, Dr. W. Van Fleet, of the Office of Drug- 
Plant and Poisonous-Plant Investigations, has prepared the following 
statement: 


80 
.70 
.60 


PERCENTAGE OF ALHALOIOS 


The arrangement of anthers and stigma in the belladonna bloom and the respective 
periods of their maturity and receptivity are such as to fit the plant in a high degree 


EFFECTS OF SELECTION ON ALKALOIDS IN BELLADONNA. Ihab 


for cross-pollination and to almost exclude the probability of close fertilization in 
individual flowers. However, the feeding habits of the principal pollinating insects 
(mostly night and day flying lepidoptera), which visit in turn many open blooms | 
on the same plant, may tend after all to promote self or close pollination on a consider- 
able proportion of blooms on any given plant. If all the seeds in a single fruit should 
mature and produce plants with a high alkaloidal content or any other transmissible 


%400 
Y.99 
NZ 
Y.70 
Y.60 
S57 g 
8 50 2 
R ; 
S.20 8 
s 70 
a 
q 23h) H) 7W (6) FW (a) 6W) 


Fic. 7.—Diagram showing the alkaloidal content of the leaves of first-generation belladonna plants from 
close-pollinated and cross-pollinated selected parents at two stages of growth during the second season, 
1914. The percentages indicated represent the average of all the individuals from each parent plant: 
a, Plants from close-pollinated parents; 6, plants from cross-pollinated parents. 


feature of the seed parent, it does not necessarily follow that the pollen of another 
individual possessing this feature in a lesser degree might not have a reducing effect 
on the desired characteristic, as the seeds planted may easily be the result of actual 
close pollination between different blooms of the maternal plant or even of self- 
fertilization of an individual bloom. It is but fair to suppose that a majority of the 
seeds of a given plant may thus be self-pollinated, notwithstanding nature’s adapta- 
tion of the blooms for crossing, unless it has been made apparent that belladonna 
blooms are not receptive to their own pollen or to that of 
flowers on the same plant, but must be fertilized by Ne 
pollen produced by another individual. This conclusion 
has not been demonstrated by any controlled experiments 
that have come to my knowledge. 


SECOND-GENERATION PLANTS FROM CROSS- 
POLLINATION. 


Up to this point the investigation has dealt owe ee 
entirely with first-generation plants. During Zio) We) 61a) 
the season of 1914 analyses were made of plants |. , Dike oe 

ie : = re) a 
which represented the second generation of the average sietida loa net 
original selected individuals. The seed which — 2! the individual belladonna 

; plants from each parent for 
furnished these plants was secured from the the second season, 1914: 
followin first-seneration plants im the fall of  % Flents tom  close-poll 

nated parents; 6, plants from 
1913: 6w,, 6Wy, 6Wy,, 7W;, 22, 23, 31, 3g, 37, 342, cross-pollinated parents. 
34,, 34,,35;. The plants from 6w and 7w were 
selected as types of high alkaloid-yielding plants, those from 2 as 
medium, and those from 3 and 34 as low alkaloid-yielding types. The 
seed was planted in the greenhouse at Arlington, Va., in January, 1914, 


and the plants were transferred to small pots when of suitable size. 
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When the plants were about 3 inches high they were divided into 
three lots. One lot was transplanted to the gardens at Arlington, 
Va., another lot was shipped to Timmonsville, S. C., and a third lot to 
Madison, Wis. The object was to grow at these widely separated 
locations under different soil and climatic conditions plants which 
were obtained from a definite source. Data would thus be secured 
which would serve to indicate whether the transmissibility of the 
alkaloid-producing quality would be affected by external influences. 
Furthermore, it would throw some light on the question of alkaloid 
production as dependent on sunlight, rainfall, and soil conditions, 
which is a question still unsettled. At Arlington and at Madison two 
pickings were made of all the individuals, while at Timmonsville only 
one collective sample was secured from the plants from each individual 
parent. In Table VI the percentage of alkaloids in the individual 
plants at Arlington and Madison is presented, the summary of averages 
and the results from Timmonsville being added at the close. 


TaBLE VI.—Alkaloids in the leaves of second-generation belladonna plants from cross- 
pollinated parents at two stages of growth at Arlington, Va., and Madison, Wis., in 
191. 


Arlington, Va. Madison, Wis. 
| 
Lot and number. First Second First Second 
stage, stage, Average.| stage, stage, Average. 
Aug. 18. | Sept. 12. Aug. 4. | Sept. 5d. 
Lot 6w7 
WE Oe Se Atel eos Mee eae ats Ss oe 0. 783 0.461 0. 622 0. 962 0. 956 0.959 
Pin Se, 2 :, ESR oak ines Son rae 542 570 . 506 . 107 813 
o's Be So SC rR as et PE De ed le = 488 BASS errno eae 781 781 
1 SS ee Se eee eee 791 666 728 . 653 653 653 
See eee cc 2 a ook 414 508 486 . 791 530 710 
OS Se ie S85 DOB SSE? 5 ae (ee eee 851 851 . 765 707 736 
fae. As SENS A ee ee ee 574 620 597 580 791 685 
ee ee ee 716 646 681 599 861 730 
Be a ee ee 837 835 . 836 . 794 583 688 
TORS oe oes UE oS aoe eee 504 653 . 603 - 478 | 461 470 
TA Oe A eS es oe ee ee 708 522 .615 1.020 727 873 
Doe eee: pees Stee Mee, pe ey key Tae 674 340 .557 1.322 1. 027 1.174 
1B epee oaaes or: Exiow rien Re es ee 695 605 . 650 . 867 813 . 840 
HAAN SES ae eens, See ties SEA ABA 588 669 . 628 956 | 908 . 932 
EM ois Sole Be sie ima Bead a, fa ee 4s 525 525 538 | 949 . 793 
Lot 6w 10 
Fae oi tes pS ae aa ee em yi (2 669 541 . 605 736 557 . 646 
D teed Le eA te) REN eee BRA AN 750 691 57733 G5Sivere ae . 653 
SF ee ee 1k aR FS | ORR die fs ot 639 516 577 685 . 829 Sat 
ASA ER, Meme oho Ra ed ea eee ee SAI Re RSA PR, Ok 806 759 - 183 
Ry vies te Ses Seen eee Ral eS 641 573 . 607 822 1. 068 - 945 
6230258. ee AE ei oe 550 541 - 546 762 . 876 - 819 
a SR tO We OAL vs a Res Soe eee RS 7h kl Re ees = 2 . 748 . 740 . 813 - 776 
Pai Sige iter AS Ae ep giant eee a Raye 8 Do x Sori eee eee .507 . 803 . 733 -7 
Tlie ake Ee a Aes At east Se atmeacgen FONE Seen Romy oo lib Seth ehaieke | ath fen, | ene BG | bee Pe dag dS 1. 062 . 908 -985 
AOS Te LS rea SE ae 327 398 362 . 695 838 . 766 
1 ea ne RR ih tes Colle en Araneae cl a eed Mae gosh esa ES sey weer .905 1.115 1.010 
DD eee. eine uk Sek oe ES AE EAE: eee eee nae . 813 a 
pee a ea ig arate | ee dL . aD 943 - 859 
iV: ERAS Bae ee ee ee eee See TN eT ESTAR Dor) PL Oe eee . 554 605 .579 
TE a Se et, pe OR cers =f aa Aue | pee eo ah A ae ape oe . 806 752 -779 
Lot 6wi: 
DE i ie OIE REE tions ies Bed on tel aM eo ' Ah ere aS . 504 488 .521 
>) at LE Ue ert mee ees es TFS LG ie ee Sees . 557 A573) [2 2S - 573 
5 SE SAL Oe Ae oe ene Be eee ae ett 630 . 636 . 633 . 580 759 . 669 
eae Slee bast SEs AE a, SST 597 . 504 . 547 . 781 749 . 765 
Sy tee St ok et ea a aC Se Oe I ere ee eee 26304 eee . 630 
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Taste VI.—Alkaloids in the leaves of second-generation belladonna plants from cross- 
pollinated parents at two stages of growth at Arlington, Va., and Madison, Wis., in 


1914—Continued. 


Lot and number. 


Lot 6Wi:—Continued. 


Arlington, Va. 


First 
stage, 
Aug. 18. 


Ss i ee Ge es 


Second 
stage, 
Sept. 12. 


Average. 


Madison, Wis. 


_ 


Second 
stage, 
Sept. 5. 


a 
ol ex aye oie 


Average. 


— 
(ey) 
S 
Ne) 
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Taste VI.—Alkaloids in the leaves of second-generation belladonna plants from cross- 
pollinated parents at two stages of growth at Arlington, Va., and Madison, Wis., in 
1914—Continued. ( : 


Arlington, Va. Madison, Wis. 
Lot and number. y ust Second x First Second 
stage, stage, verage.| stage, stage AV e. 
Aug. 18. | Sept. 12. Aug. 4. | Sept. é. To 
Lot 345 
et ae a Ee ee nc Lege S O\621 0 eee 0.621 0. 940 0. 707 0. 823. 
7G Se PEER NOR aE Ct SS ey meh Aelita) ee SNE Pe Ee ee . 729 . 646 - 687 
4 AAT d aN prey ale edettar iis Seether. GSOR Sess ass 630 AY Dee ok Se . 822 
2, Vane AG, oj oe Re ee ae Tn ets f Seema e | G46 1 S225 o =: ee 646 - 478 . 439 - 458 
ee er eet a ee eee er nee ee eee ieee aie eek See ce | Re ia . 797 . 605 - 701 
Gee SOLES See LN eed Jeptied eaerret | [ken bo Celmenaea IC LO as ot 663 - 445 . 554 
ER nee Na Ne ee ek ee 440 0.350 395 605 .510 are 
Sn Sie ile TE Te le a eee = ie lt sate fete ga 562 . 376 479 756 . 845 . 800 
See a ee ae eee een Sees See 369 . 366 368 636 . 669 . 652 
Th UJ Sone IB te oh ine ch ales Geb ee Sareea 430 . 204 342 717 . 749 *idekew 
x be Liat Be Side bate tah, Sel ne emcees, SB elteresiaeteer yn 459 . 382 421 710 . 886 . 798 
DAS ES 55 ae Pe ee ee cnet ee RR 507 - 343 425 797 41 . 669 
IBS 2p es SR RES 8S Salah Shade, etna cit see 483 - 461 472 714 . 663 . 689 
LET Ne See ela a ae oe ee ee DOU ae eee 521 599 . 797 . 698 
TOSS EN 2 ai ieee Sir See TED tami Ra pt ate 720 . 626 673 685 - 876 . 18m 
HAG rn meee creer Jak, ey ta ye 550 - 461 505 302 . 701 501 
(Rete AO Ss Salk ee ery Pees | 618 - 324 AL ee eaten 491 491 
To) S sole: BER shen 5 tea oN el etl So eeheen Seder | 511 . 382 ly fl RE ee Pe see ~~ - 
Lot 343 
Seek ta a eke ek Sh 9 aE oe ae ee 8 fete gla! . 046 . 046 596 - 832 714 
Fd ee so aco RE Se Ba RN aa 659 . 589 . 624 532 . 765 648 
See UE ae be pe eld Pe pee ee 650 .501 576 573 . 791 . 682 
Le a le pe See hg he 626 . 580 60S1|5--eeee . 876 . 876 
FY pe Sy 9 a ae Sp ected Bal ae ie ope pices 8 Ce a ed ee ee 559 . 803 - 681 
a SRSA se ns Alas wy ns re mR erty age i le vir Sabres | [= Ae Shed ETP oo 593 . 861 727 
Lot 344 
Tis ct UA inl ee ie Sook aoa he een oe Une ee 482 . 396 419 414 . 681 - SAT 
PA ale oa & ESRC cid Sellen ae ee a I GAlble ce 641 350 Sia2 - 556 
Se ear eee ei ee eS 503 . 504 504 350 . 532 - 441 
ZENE SNE. ty a Neat fe RR | . 450 . 142 296 398 . 508 - 453 
A aie a ee eee Snes eel Re een tee IS 5 . 489 . 458 474 46) deceesee - 461 
Ge ee ee eee oo ee ae 2515 . 593 554 471 478 - 475 
7 fs apt = 3 SE NEES are SO OSs Pe ee Teer eel ep IS c 2 deeeieey oeet S 5 (ee es (ee a no 699 699 
he Gag a oe “517 | 330 494 346 "792 569 
ee ete ee te rate Bee as eT pee | eae oe ce oe 359 . 732 596 
ia Or rt ee eC LAR aa 512 | 494 503 455 756 605 
TAG Deo Pa al Tae “aes pe ge OE cig el ND © . 458 . 438 3458: | poneee ce ee|sisce sts: = |e 
De ae EIR re BO yo Sy ee oh ee aes |e be ae Pr ee a 
ios eee tN Ue Seta bine lc bss, Ram BD 2308 |orsc2 tos [ect feel e e 
Lot 34; 
if ee es | pees nd ee Pe Le gm Sree - 461 . 461 398 . 414 - 406 
DS SE ce I SE eg ot eh ek DES Ol (cha AO S| DS oa ee SE oa pe 445 . 41 493 
Ne ety ON Ne (oe eee ne Oe . 008 445 -o01 484 - 605 45 
Ph eA S er a on eget cn Se ey ge | Oe a . 458 . 458 414 . 41 478 
Fel ch Andes RCE ot REEL AEM RAE Bes ligt ge ee 8 . 343 £343+ | ssec525=- . 478 - 478 
Dea et gE oe ees Se at ISIE ES Ae 2 ah ede 2 .478 . 478 541 911 - 726 
7 [oS Sn to shel TTA 3 te LE GNN A ede ot § . 421 . 445 . 433 392 . 956 . 674 
7 ee Bsus Sea Shh: LAURIN HE oh MI Ne Lh Sai hath .318 .318 583 .d73 .578 
Je al Osa Meet Ena RE eyed tent tase Ot ER A ate bed ol Sen MMSE, PES e wt a byte I . 350 -3509 
103 eee tc pee. eee ee SRS 2 RSE 1 Np i Re Bene 414 . 468 441 
1 LN ey SAS a NM PAD Sali bts, & jcc eesctc tl sa ees Sere eee ee tol Senos ee .318 .318 
(DAES i Bd OEE DA Sa RR ge ROE Tessie tees Ml | tee wees © en ene eremee meee so ee ee 
tbe FR ene Say Se Ae ma eh ea pe emp pik NS Ol bec RPS A) (th ES, Se oe PE op ON ee 
bet iho SAREE ESA el tek Se eptiahs bibl SES tne = . 674 532 7-603 |: 2cc-:25ce}s.8 Ske eee 
BN ea ee cia pn eget Ne 3. eee gee es . 263 308 2200, | s 2 seas alos See eel oo ee 
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TasBLeE VI.—Alkaloids in the leaves of second-generation belladonna plants from cross- 
pollinated parents at two stages of growth at Arlington, Va., and Madison, Wis., in 
1914—Continued. 


SUMMARY OF AVERAGES FOR EAcuH LOT, INCLUDING RESULTS AT TIMMONSVILLE, S. C. 


Alxaloidal content (per cent). 


Arlington, Va. Madison, Wis. Timmonsville, S. C. 
Lot. 
First Second First Second First 
stage, stage, | Average.| stage, stage, | Average. Stans Average. 
Aug. 18. | Sept. 12. Aug. 4. | Sept. 5. 8 

NOt GWaevso sos eine oie 0. 656 O\G00F|-feee see 0. 783 SMM Vcagoooosss ON99 2B oe 
Moti Gwaos sans - eee 2 oe .61 Be 3"| Re  ese 8 S205 et. ee. Cc eee © 
MOU GWanle tere este . 608 ODA Neem aoe ae 729 (eels meee: BAQF See oe 
AVOTAZO. < ain\:0/-.< 625 556 0. 592 771 784 0.778 916 0.916 

ILO Bosegssseeesose | 602 . 584 593 524 532 528 950 950 
WOES eee as As 429 AQT ARR REN. 822 S40 ck Serstrsle i eee EEE Go Se ee 
MOG 2a ts ere = tee sk 483 TA Tile eee yee ci 674 SIE ease wanes Ciba Mecenseetacs Ge 
IANVCTASOL aha. 5 . 456 . 436 - 446 . 748 . 827 . 788 771 ATTA 

IU MQ nay bee eee EE COE . 538 AGice Ie Past ete .673 AOGTA| Ee sesy ace SOO alae sere 
Motis4g se eA: . 645 Siti bei ee Be . 696 ROZLE| Le ees F852 SE. Shee 
WO tie eee . 496 ATA | cee hee . 530 JOGO Ee aerate s Hos) Isaosacasoae 
LOGS ses A ees 479 AD Talamers ae ee 514 HOO SSE ES STs MOON: aes SS eers 
Average.....-.- 539 443 491 603 678 642 755 755 
Mousses tate fal S 496 OOO esas see 524 OVA | A eee MODs | econ ee 
LOE Bas Sao Sack Se SOLA fale ee RE pea ela ele nie ae 476 De Gn essen meee BRYAN Wome ace one 
Wots72 fo. eee 446 ADO Viel Bikes 2 LI 602 W22| e850 3 SBP GOON nr 
Average........ 471 402 437 534 628 581 634 634 


A study of Table VI will reveal the fact that the plants showed 
marked differences in the percentage of alkaloids produced at the 
different stations. Thus, the general season average of all the plants 
at Arlington was 0.512 per cent, at Madison 0.663 per cent, and at 
Timmonsville 0.804 per cent. At the last-mentioned station, how- 
ever, only one picking was made, which may account in some measure 
for the unusually high percentage of alkaloids found. At Arlington 
the first picking assayed considerably higher than the second, while 
at Madison the second picking was richer. It should be remembered, 
however, in this connection, that the season at Madison is somewhat 
later than at Arlington. Previous experiments have shown that the 
plants are richest in alkaloids when the flowering period is over and 
the berries are beginning to ripen. At this’stage the leaves are small 
but very rich in alkaloids. At Arlington the first picking was made 
August 18, when the plants were in the stage just described, and the 
second picking was made later in the season, when the new growth 
had reduced the percentage of alkaloids considerably. At Madison, 
on the other hand, the first picking was made August 4, before the 
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rich stage was reached, and consequently the second picking, Sep- 
tember 5, corresponds very closely to the first picking at Arlington 
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Fic. 9.—Diagram showing the alkaloidal content of the leaves of second-generation belladonna plants 
from cross-pollinated parents at two stages of growth at Arlington, Va., and Madison, Wis., and at one 
stage of growth at Timmonsville, S. C., during the first season, 1914. 


in so far as the stage of growth is concerned. It is evident from the 
results obtained that at all three stations these second-generation 
plants show the characteristics of the parents as 
‘90-—____ regards their alkaloidal content. Naturally, there 
gg are individual variations, and the plants at one 
station may be uniformly lower in alkaloidal con- 
tent than at another station, but the point to 
be observed here is that at all the stations it is 
true in a general way that the plants selected 
originally from parents of high alkaloid-yielding 
tendencies show generally a gréater percentage of 
ae eae Re alkaloids than those from parents of the opposite 
loidal content ofallthe tendency. ‘Table VI and figures 9 and 10 show 
ae hedsen, this very plainly. It must be pointed out, how- 
plants from each par- ever, that only a few plants were included under 
ee mena v» Jot 7w;, and this must be borne in mind when 
Timmonsville, 8. C., studying the averages. 
roe ne Ast season, ‘Tn order to -gather some information regarding 
the influence of climatic conditions upon alkaloid 
production, a tabulation was made of the principal weather characteris- 
tics at or nearthe three stations for the four months, May to August, in- 


clusive, of the year 1914. This compilation is shown in Table VII. 
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TasLe VII.—Temperature, precipitation, and days of sunshine at Arlington, Va., 
Madison, Wis., and Timmonsville, S. C., during May, June, July, and August, 1914. 


Temperature (°F.). Precipitation. Aspect of sky (days). 
Station and month. Nise | aNtesen Depart DES nae 
maxi- | mini- | Mean.| Total Clear. Y |Cloudy. 
arte Pa ER from 0.01 or cloudy. 
‘ i normal more 
Washington, D. C.:1 Inches. Inches. 
I hy es apse Se al 78 55 67 1. 72 —2..1 7 14 11 6 
AIUD Chee sham ay area hc 84 64 73.8 6. 20 2 11 12 12 6 
dhol aja es heteen Ree paeed 85 67 75.9 2.32 —2.3 12 7 12 eZ 
INU CUIS tee eas scree 86 66 76.4 6. 00 1.6 10 10 13 8 
cThanelic cscs si Seg YS Gel EGR SESH, te oan 2 43 48 32 
Florence, S. C.: 2 fe 
Wa Valeria creer 87.2 57.4 203 ETON eee ee 2 14 13 4 
PUNO Ce oo ios Ne S 92.1 68.9 80. 5 Payee key les ogee naa yaa 7 12 12 6 
MT aioe spear. oe 92.8 68. 5 80. 6 Solan |e ene meee 6 12 16 3 
PUI SUStie cee eelcta 89. 9 69. 3 79. 6 GAL sere eye ea 10 8 15 8 
TBO REM Nes esesis ise fs PT a cd DE (Opeth Si Pa aS ps A pace th 46 56 21 
Madison, Wis.: : ae 
May Re eS 69. 7 50. 9 60. 3 5.97 2635 13 9 14 8 
UO eases See 75.7 57.6 66. 6 3. 46 —0. 64 14 8 12 10 
AST yesh 8 Wises ceca a bi 83 64.6 73.8 1. 49 —2. 50 8 13 13 5 
PANIES Gide seerers ore 79.6 61 62.5 3.60 39 i 11 12 8 
FTN Gel aia Sie Pee ee AAG Oe hs ROS OLS ae 41 51 31 


1 The conditions at Washington should approximate very closely those at Arlington, Va. 
2 About 7 miles from Timmonsville, S. C.; volunteer observer. 

It has been claimed by some investigators that dry and sunny 
seasons will result in greater alkaloid production than wet and cloudy 
seasons. The data in Table VII will serve to throw some lght on 
this point. The plants from the three localities specified were all 
grown from the same seed, and it would appear that if the contention 
regarding climate were correct there should be some correlation be- 
tween the quantity of alkaloids found and the seasonal conditions. 
However, in the four months there is a difference of only about 3 
inches in the rainfall and a difference of only five in the number of 
sunny days. It is true that at Timmonsville the precipitation was 
the least and the number of sunny days the greatest, and the per- 
centage of alkaloids was also the greatest. It has already been 
pointed out, however, that only one picking of leaves was secured at 
this place, which may account for the high average percentage of 
alkaloids found; and, furthermore, the difference in climatic con- 
ditions is so small that little significance can be attached to it. It is 
possible, of course, that differences in soil conditions at the three 
stations may be sufficiently great to influence any relationship due 
to climatic conditions which might otherwise be apparent. 
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In the fall of 1913 cuttings were secured from the first-generation 
plants and rooted in the greenhouse. Although the season had been 
bad and the condition of the cuttings was rather poor, a good per- 
centage of them rooted and by spring furnished plants 3 to 4 inches 
high. These were transplanted to the field early in May. The severe 
drought during that month caused a considerable number of the 
plants to die, although they had developed a good root system. On 
August 18, when the flowering was mostly over, the first picking was 
made. On October 12, after most of the berries were ripe and some 
new leaves had developed, a second picking was secured. In Table 
VIII are given the percentages of alkaloids found in each individual 
plant, the summary of seasonal averages being added at the close. 


Tasle VIII.—Alkaloids, at two different stages, in the leaves of belladonna plants grown 
jrom cuttings from selected parents at Arlington, Va. 


| 
Alkaloidal content (per cent). 


Alkaloidal content (per cent). 
Lot and number. | irst | Second | Average | LOtandmumber. | first | Second | Average 
stage, stage, for | stage, stage, for 
Aug. 18. | Oct. 12. season Aug. 18. | Oct. 12. | season. 
Lot 6w1 Lot 6wi—Contd. 
Wh SEO eee aoa S 0. 573 0.491 0. 532 VAS enwancs 0.602 0.613 0. 608 
Lot 6we: Met. SSS. SESE . 871 . 669 .770 
DP seek ois 5 asic = 512 .525 .517 12: Sakae case . 801 . 829 - 815 
Lot 6ws: 134, Ast. . 680 . 420 - 550 
Pee ae es: allieiasn win aisle . 525 . 525 Beis a5sccppe Sect |soceese- ee - 630 - 630 
7 ee eee . 720 - 093 - 659 ieee eee See 55S .510 . 238 . 374 
Se So Ose sess oe Seen . 496 - 496 ATi Sack aoe SIE Se . 537 . 537 
A a ee eee eee - 606 . 620 - 613 Oi FE eS 35. teebhe 26650). -- <2 tee eles one 
Ne See SS ete . 604 . 488 - 546 
Gib eet. S42 . 837 . 749 - 493 Average...... . 687 -611 . 649 
Average. . 693 . 578 . 634 || Lot 6wie 
PSS Pee ee . 624 . 610 - 617 
Lot 6ws SITS LAD SRY. sak .398 - 565 
foe tes ee .573 - 522 . 548 A: ENE eT eee eee -445 . 445 
225 eae .615 . 580 . 597 
Seee Mee ie ee . 585 . 343 . 464 Average.....- 677 - 484 . 581 
NS RIA ot . 607 . 478 - 543 
Ss a0 aera paeeeeee . 589 . 589 || Lot 7w3 
FR Pi Ss a | ae 315 ~315 Yaa Aes ae -477 . 429 - 453 
| (Re ee Soe . 573 . 442 - 508 5 ee See (ieee en . 794 . 794 
Be oe. ASSP. 516 . 372 . 444 
Average...... -477 - 611 . 544 
Average.....- 575 455 - 565 
Lot 7W4 
Lot 6ws ESAS Be Pts 8) eens | . 587 . 567 .577 
Sees aaa enor 795 . 797 . 796 7A EAS PORE E A REE ES. oar 5 . 507 -557 
Dep eR 745 . 749 - 147 Dot ee SO: - 562 . 525 - 544 
LEA: Seee ee - 631 . 666 - 648 
Average... ..- .770 .773 . 772 Gio SSS LEAL E caste see oe ps asooe ton Sees] eee eee 
TotGw Usa eee e Rasos . 436 . 669 . 553 
J . 770 516 . 643 
nSon SDSS oe Average...... 553 - 597 - 575 
Lot 6wio 
a Sar | . 623 .618 .621 |, Lot 7ws: “ 
Se aoa temcetiel . 660 . 691 . 676 1 Aerts Peres 25 oe - 569 - 569 
SE A eee See a eae . 636 . 636 
Average..:-..- . 641 . 654 . 648 GS. PSLRA LE OS . 584 . 784 . 684 
Diesen. Sia a . 837 759 . 798 
Lot 6wu 6550 2 . 734 . 620 - 677 
(ee eer . 774 . 653 .714 hist gen eee . 639 . 700 . 669 
7th tae SOU02/ laaneweeses . 602 +. et . 657 .578 - 668 
Beer eee et. S508 jee a ea. . 598 
nn eeer . 682 BTo2 717 Average.....- 690 664 677 
Bees tos '661| = 1775 “718 ———_—— 
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Taste VIIT.—Alkaloids, at two different stages, in the leaves of belladonna plants grown 
from cuttings from selected parents at Arlington, Va.—Continued. 


Alkaloidal content (per cent). Alkaloidal content (per cent). 
Lot and number. | pirst | Second | Average || 1ot and number. First | Second | Average 
stage, stage, for stage, stage, for 
Aug. 18. | Oct. 12. | season. Aug. 18. | Oct. 12. | season. 
Lot 7wio: Lot 343 
peea sey ee ee .516 . 688 . 602 1 ie A SB eis MI BSS OL G235 Pear 0. 623 
Game re dere: Bere yeas ees . 864 . 864 DFS eR oo . 539 0. 596 . 567 
Average...... . 516 . 776 . 646 Average...... . 581 - 596 . 588 
Lot 342: Lot 34; 
Soa ee ok BO Se oe ee . 636 - 636 1 SPREE SEE EE: .514 . 439 . 476 
Base Nie raat aR - 499 391 - 445 24D SR pee Nea . 458 - 440 449 
ASR eg Suh so gh fines ee . 598 - 525 . 562 ————— | cq“ qc 
ee meant . 558 - 408 . 483 Average...... - 486 . 440 - 463 
CDs ac nlc . 601 . 590 . 596 
Average...... . 564 .510 OST 


SUMMARY OF SEASONAL AND GROUP AVERAGES. 


Average alkaloidal 
content (per cent). 


islold 
Lot. yield o 
parent. Bis 
For season. (eoimlsaime 
parent. 
NE OLLG eee Pee ee hs ws reyes cig ek ote Se ice act ghee es) 0.532 
ILE EMIS Sigs ALS SRS SS cee Ge 5 SAN ee ee ONE i lll napa ees [er aa (0) EI eh 
Bok Gis eee ren ok op a poe de Eh ae es . 634 
O65 ON ohod shoo BESS SLE SES CN ree ne ee a eae ears St |e Os . 565 
IEG TOW ee eee ek Ee I pres GOR ees SUPA 0. 616 
LONE DiOscbe Se BSS SSSA AS SSCS cs cat a aS eee eae pei elena Rl os needa ienl nina Toenail 643 
LOR DOD Sa Cee RS SSS CESS SES eo aia le ttn er Ca re ry Pee (ORR BOR abe sera 648 
COTA GN ee ne ee SE ES ES Elan GO eee 649 
SE tar eee et et) ee oo RS (OKO) Re Terteae 581 
pot ZWe BOHR OSS SEES oo HAS BORE Slot Re are See magmee AE eerie ik Sedna Nn ea do OM oa 544 
Gb AW cn GBS kop SASS Se Soe ails ai lag Sateen sok tapes Mart iy Jule Ree Quine 575 
et eM ate ee Gurnee 677 0.610 
ZO LAAN ee er rycen eo A a ee Oa . 646 
INE Oe oa Sono ee Se OS A a ae te er a WOW eee ee 537 
FIG Gite 4s ee erento ner PS ee a ad cee cw cieclewcee dosse as 588 0. 529 
OB BYR ok Siig oa GSS ra Os eae Eat a ee GO aE ne 463 


Here, again, the plants from lots 6w and 7w show marked superiority 
over those of lot 34, the parent plant of which was poor in alkaloids. - 
These plants will be observed and studied carefully through another 
season, to determine whether the same relationship holds true, after 
which desired individuals will be selected and further propagated 
through cuttings. 


CONCLUSIONS. 


It having been established in the previous investigation that a wide 
range of variation exists in the alkaloidal content of belladonna 
plants, the present investigation was undertaken to determine 
whether the characteristic of alkaloid production is transmissible to 
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the progeny through seed and whether the character is changed by 
vegetative propagation. The results thus far show that the first- 
generation plants secured from seed of cross-pollinated selected — 
individuals display the characteristic of the maternal parent with — 
regard to alkaloid productivity. This condition is generally true 
at all stages of growth during a season and also for at least two suc- 
cessive seasons. Close pollination of the parent plant has shown 
only a moderate influence on the transmission of this characteristic. — 

Second-generation plants from cross-pollination have been grown — 
at Arlington, Va., Madison, Wis., and Timmonsville, S. C., and at all 
three stations they have displayed the relative alkaloid-producing 
tendencies evident in the original parent plant and the generation 
preceding. | 

While the plants at the different localities showed a parallel rela- 
tionship toward each other, there was considerable difference in the 
general quantity of alkaloids produced. Thus, in the case of Madison ~ 
and Arlington, where two pickings were made at fairly corresponding 
stages of growth, it was found that the Madison plants yielded more 
alkaloids than those at Arlington. At Timmonsville the yield was 
still greater than at Madison, but here only one picking was made, 
and it is hardly possible to make a true comparison. Nothing definite — 
developed to indicate that a relationship exists between the amount 
of precipitation and sunshine and the percentage of alkaloids pro- 
duced. | 

Plants were grown from cuttings, and at two stages of their growth 
these plants showed a marked tendency to display the same charac- 


teristic regarding alkaloid production as the plants from which they _ 


were propagated and the original parents of those plants. 
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